In the present work ordered mesoporous carbon materials soft templating-acidic (STA) were applied as adsorbents in magnetic solid phase extraction technique for isolation of selected phthalates from water samples. STA materials were obtained by soft-templating method in acidic environment. Nickel nanoparticles were added on the STA synthesis stage, thus the obtained material acquired magnetic properties. The analysis of phthalates after the extraction was carried out by gas chromatography-mass spectrometry method. Fast and easy procedure was elaborated, obtaining recoveries close to 90% for some phthalates.
Introduction
The analysis of organic compounds in nature and living organisms, and the evaluation of their influence on the human health, is very important direction of the environment pollutions analysis. Nowadays most of the convenient objects are made from plastics. Based on their production, organic additives, such as antioxidants, stabilizers, expensive technique (Luo et al., 2012 ). An ideal sample preparation technique should be simple, quick, and relatively cheap. The new kind of SPE, named magnetic solid phase extraction (MSPE), is easier and faster than the other techniques. Adsorbent need not be packed to the column as in traditional SPE, and the separation of the adsorbent (with isolated analytes) from sample solution is achieved by applied external magnetic field (Chen et al., 2011a (Chen et al., , 2011b Ding et al., 2010; Gao et al., 2010 Gao et al., , 2011 Jeddi et al., 2015; Xu et al., 2016) .
There are several kinds of materials used as adsorbents in MSPE. One of the most often applied materials are carbon nanotubes, which has strong adsorbent properties in relation to hydrophobic organic substances, which was described for the first time by Iijima (1991) . To apply nanotubes to MSPE, they ought to be settled on magnetic particles, so they can interact with the magnetic field. Similar procedure is applied to graphene adsorbents. The simple method of drifting graphene layers on magnetic properties is elaborated by Luo et al. (2011) . Except graphene and carbon nanotubes other substances are drifted on the magnetic core, e.g. the silica gel, octadecyl phase or different polymers Huang et al., 2014; Li et al., 2011; Meng et al., 2011) .
The aim of the present work was to use ordered mesoporous carbon materials containing Ni nanoparticles in MSPE without the necessity of drifting them on magnetic particles.
Experimental

Reagents and equipment
For phthalate esters standard solution EPA Phthalate Ester Mix from Supelco (USA) was used. One milliliter of methanol standard in ampule contains six phthalates: DMP, DEP, DBP, BBP, DEHP, and dioctyl benzene-1,2-dicarboxylate (DNOP). The concentration of each phthalate was 2 mg/mL. Propan-2-one (acetone), methanol, acetonitrile, n-hexane, and ethyl acetate, all GC grade, were purchased from VWR International (USA). NaCl pure for analysis was from POCH (Poland). The water used for the experiment was from Milli-Q system. For GC-MS analysis PerkinElmer's Clarus 600 gas chromatograph coupled with Clarus 600 T mass spectrometer was used. For structural parameters low-temperature nitrogen adsorption isotherms were determined using ASAP 2020 from Micromeritics.
For STA with Ni nanoparticles (STA-Ni) synthesis resorcinol (1,3-dihydroxybenzene, C 6 H 4 (OH) 2 ) was purchased from Sigma-Aldrich, Germany. Formaldehyde, hydrochloric acid (HCl, (35) (36) (37) (38) , and ethanol (96%) were purchased from Chempur, Poland. Poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) triblock co-polymer Lutrol F127 ((EO) 101 (PO) 56 (EO) 101 , Mw¼ 12,200 Da) was obtained from BASF, Germany. Nickel nanoparticles were purchased from Sigma-Aldrich.
Synthesis of ordered mesoporous carbon materials
For the phthalates extraction by MEPS ordered mesoporous carbon materials obtained by soft-templating in acidic environment method were used. In the synthesis 2.5 g of triblock copolymer Lutrol F127 and 2.5 g of resorcinol were dissolved in 11.9 mL of ethanol and 6.6 mL of water. After complete dissolution of copolymer, the Ni nanoparticles were added. The mass of the precursor was adjusted to achieve 10 wt% or 20 wt% of nickel in the final products. After the addition of the precursor, the solution was vigorously stirred for 30 min. Then 2.2 mL of HCl was added and solution was stirred for another 30 min.
Next, 2.5 mL of formaldehyde was added and the solution was stirred until it became white and milky; stirring was continued for another 30 min. Subsequently, the magnetic bar was removed and the solution was left for gravitational separation for 3.5-4 h. Following separation, the organic layer was transferred into a Petri dish and dried in open air and room temperature until uniform film was formed. After that, the dish was transferred into an oven and dried at 100 C for 24 h. Afterward the sample was transferred from the Petri dish to a quartz boat and carbonized in a tube furnace in flowing nitrogen 99.999% (20 L/h). The temperature program was as follows: first, the sample was heated to 180 C at 2 C/min rate and held for 5 h. Next, temperature was elevated from 180 C to 400 C at 2 C/min rate and further from 400 C to 850 C at 5 C/min rate. The sample was kept at 850 C for 2 h. The detailed STA synthesis procedure is described in literature works (Choma et al., 2012 (Choma et al., , 2008 . The simplified diagram of STA synthesis is presented in Figure 1 (Jedynak et al., 2013) . Scanning electron microscopy (SEM) images of STA-Ni-20% material are shown in Figure 2 . In Figure 2 (a) it can be seen that Ni nanoparticles are evenly distributed in carbon material. In Figure 2 (b) a single Ni nanoparticle is shown.
In the present work STA materials with 10 wt% and 20 wt% of nickel were achieved. These materials were powdered and sieved to separate two fractions with different grain size of 0.32-0.40 mm and 0.40-0.63 mm. Finally the STA-Ni 20% was used for phthalates extraction and structural properties of this material were analyzed by low-temperature nitrogen adsorption. Obtained results are shown in Table 1 and they are compared with parameters available in the literature (Choma et al., 2012) concerning the same material obtained by the same synthesis procedure. The definition of mesopores was based on IUAPC classification stating that the pore size is between 2 and 50 nm (Lu et al., 2004) . S BET values were calculated using Barret-JoynerHalenda method. V mi and V me were calculated using alpha-s method and w mi and w me using Kruk-Jaroniec-Sayari method. As it can be seen all determined parameter values are very similar. This fact proves that the synthesis of STA-Ni-20% material is repeatable.
Calibration curves preparation
Working solutions were prepared from standard solution by dilution in methanol and they were used for calibration curves and linearity range determination. Concentration of each phthalate amounted: 0.25; 0.5; 1.0; 2.5; 5.0; 10.0; 25.0 mg/L. After working solution preparation each solution was analyzed for five times, using GC-MS method (described in ''GC-MS analysis'' section) and on the basis of obtained peak areas, calibration curves were determined. The linearity range for all curves amounted 0.25-25.0 mg/L. Limits of detection (LOD) were obtained on the signal to noise ratio 3:1. Limits of quantification (LOQ) were calculated as LOQ ¼ 3x LOD. Studied phthalates and calibration curves data are shown in Table 2 .
In studies related to the optimization method, working solution was prepared by adding 1 mL of methanol standard solution to 9 mL of water. Total volume of the working solution sample was 10 mL and the final concentration of each phthalate amounted 5.0 mg/L. For the experiment water from Milli-Q system was used and it was examined before analysis by MSPE-GC-MS method, described in next sections. No phthalates were found in Milli-Q water. Using received analysis results and calibration curves data, recoveries for six phthalates after various MSPE on STA-Ni materials were calculated.
MSPE procedure
MSPE procedure schema is presented in Figure 3 .
For the extraction procedure 15 mL vials with silicon screw caps were used. Hundred milligrams of STA sorbent with various Ni content and different grain diameters were placed into the vials. After weighing adsorbents were put in vials and 5 mL of acetone was added for adsorbent conditioning. Vials were twisted and shaken for 2 min by ultrasonic agitation at room temperature. Then STA carbons were attracted by Nd-Fe-B (40 x 15 x 5 mm) magnet to the vial wall and acetone was effused. After STA conditioning step, acetone was analyzed each time by GC-MS method to eliminate phthalates present in adsorbents and acetone before extraction step. Next adsorbent was released from magnet and 10 mL of working solution was added into the vial and shaken for 2 min by ultrasonic agitation at room temperature. After extraction magnet was added again to the vial wall and solution was effused. Two milliiters of acetone were added into the vial for analyte elution and it was shaken for 1 min by ultrasonic agitation. The extraction parameters are described in ''Extraction conditions optimization'' section. The last step was transferring the acetone extract into clean glass vial and evaporation to 1 mL volume in synthetic air flow. Sample, prepared as it was described above, was transferred into 1.5 mL chromatographic glass vial, tightly closed, and finally delivered for GC-MS analysis. Extraction of each sample was repeated for three times and each extract was analyzed five times using GC-MS method.
GC-MS analysis
Phthalates were separated on Elite-5MS 30 m x 0.25 mm x 0.25 mm capillary column and the following temperature program was applied: 50 C held for 1 min, then increased at rate 25 C/min up to 100 C and then 5 C/min up to 300 C maintained for 5 min. Volume of 5 mL was injected each time in 1:10 split mode. Injection port temperature was 250 C. Helium carrier gas (!99.9999% purity) was maintained at a constant flow rate of 2 mL/ min. The ion source and transfer line temperature were set at 250 C. Solvent delay was 4 min and the MS analysis was performed in scan mode. The chromatographic analysis parameters were set experimentally, but it is not described in this work.
Results and discussion
The example chromatogram of phthalates separation is presented in Figure 4 . The recovery values for phthalates adsorption from water (working solution) for STA-Ni-10% and STANi-20% are shown in Table 3 . The error values, given in Table 3 , were counted on the basis of relative standard deviation for n ¼ 5.
The analysis of data, given in Table 3 , leads to following conclusions. In case of STA-Ni containing 10% of Ni, the grain size of adsorbent has very small influence on the recovery values. The recoveries are generally small and decrease along with the growth of phthalates molecules' size. For STA-Ni containing 20% of Ni recoveries of phthalates are clearly greater for 0.40-0.63 mm grain size than for smaller grains. Coinstantaneously greater content of Ni (20%) conduces the higher recoveries than for adsorbent containing 10% of Ni. However, in each case the recovery values decrease with increasing molecular weight of phthalates. For amount of Ni and at each grain dimension the best recoveries were observed for DMP.
The mechanism of the phthalates adsorption on the STA-Ni adsorbent is mainly connected to different interactions of phthalates molecules (with various molecule structures) with hydrophobic surface of mesoporous sorbent. However the influence of paramagnetic properties of nickel on efficiency of phthalates adsorption cannot be excluded (Table 3) (2015), authors presented distribution coefficients of studied phthalates between methanol and polymeric stationary phase and between water and polymeric stationary phase. All these data indicate different polarity of phthalates.
Optimization of extraction conditions
Extraction time. The MSPE-GC-MS procedure performed for STA materials and various extraction times was used to check the influence of different extraction time for recovery values. The extraction was carried out as it was described in ''MSPE procedure'' section. For the procedure, 10 mL samples with 5 mg/L of each phthalate concentration were used. 72 AE 8 6 2 AE 8 6 8 AE 4 9 3 AE 8 DEP 64 AE 4 5 6 AE 4 6 2 AE 8 8 7 AE 7 DBP 41 AE 5 3 6 AE 6 3 1 AE 7 7 7 AE 6 BBP 35 AE 4 3 5 AE 4 2 9 AE 5 4 1 AE 4 DEHP 23 AE 3 2 2 AE 4 1 9 AE 2 3 1 AE 3 DNOP 7 AE 2 9 AE 2 1 2 AE 2 2 3 AE 3
Acetone was used for 1 min elution. Elution longer than 1 min did not result in higher recovery of phthalates. The results are shown in Figure 5 .
As it can be seen in Figure 5 the highest recoveries are obtained with 2 min extraction time. In next studies, every time 10 mL samples with 5 mg/L of each phthalate concentration were used. Extraction time was 2 min and acetone was used for 1 min elution.
Adsorbent amount. The various amount of adsorbent was also studied. For the extraction 50, 100 and 150 mg of adsorbent were used to evaluate the optimum amount. It was demonstrated in Figure 6 that the 100 mg of adsorbent is the best choice.
Salt addition. The analyses with NaCl addition to water sample (working solution) were performed to check what is the influence of ionic strength on extraction efficiency. The NaCl final concentration in the examined samples amounted 5%. The obtained results are presented in Table 4 . The recovery increase for STA-Ni was however very small and depended on analyzed phthalates. Therefore salt addition was not applied in optimized analytical procedure.
Solvent for elution. Except acetone all other solvents were used in MSPE procedure: methanol, acetonitrile, n-hexane-ethyl acetate (50:50). However extraction with acetone showed the best efficiency results. In case other three solvent extraction efficiencies were noticeably worse.
Mixing. Except sonication magnetic stirrer was also used to check how mixing influence on phthalates recovery. Magnetic stirrer usage was insufficient and the recovery values were about two times lower than using sonication.
Real sample analysis
For real samples analysis 20% STA-Ni (0.40-0.63 mm fraction) was used. The analyses were carried out using optimized MSPE method. The water samples were from: electric kettle made of plastic, after boiling the water; mineral water in plastic bottle from leading Polish Both waters in plastic bottles were exposed to sun rays for three weeks to show that phthalates can migrate from plastic to water under influence of sun rays. In all samples DEHP was found and in kettle sample additionally DBP was found. The water used for kettle experiment was purchased from Milli-Q system and it was phthalate free. It shows that kettle plastic materials are quite dangerous for human health, because phthalates migrate from material to water. The obtained amounts of detected phthalates were calculated using calibration curves. DBP was found only in water from kettle; DEHP was found in all samples studied. Results are presented in Table 5 .
Conclusion
The MSPE method is quick and easy to use. It does not require any columns or special pressure extraction chambers. The MSPE method is used to analyze small quantities of analytes. A novelty of presented work is the use of mesoporous carbon materials containing Ni nanoparticles. Innovative is that Ni nanoparticles are added to material in the synthesis stage. Obtained material has magnetic properties and it is ready to use, it does not have to be modified. Obtained carbon materials with Ni nanoparticles are good ordered and show high level of mesoporosity.
The main objective of this work was to investigate the applicability of new kind of adsorbent in MSPE. Investigations indicate that phthalates adsorption mechanism on STA-Ni materials is complicated. Therefore the application of these sorbents for simultaneous extraction of various phthalates is ambiguous. The best extraction efficiencies were obtained for phthalates with small molecular masses. MSPE-GC-MS method using STA-Ni can be applied for liquid samples, particularly for beverages and environmental samples.
